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It was sham that the stick-fixed and s t i c k 4 r e e  static longitudinal 
stabi l i ty ,  as measured i n  s tmight  flight, were positive over the   t es t  
speed range with the center of gravity located at about 18.0 percent of 
the mean aeroa;ynamic ohord. 

During the lmgitudinal-etabil i ty tests in accelerated flight an 
inadvertent pitch-up of the airplane occurred at a Mach rimer of about 
0.79 and a n o r m l 4 m e  coefficient of about 0.45 (nmml acceleration 
factor, = 5 ) ,  i n  which the acceleration built up rapidly to Az = 6.2 
(xhich was in excess of the load factor, 5.2, required for demmstratian 
of the airplane) before recovery could be fnftiated. 

The short-;pericd oeoillatian was lightly damped and did not met the 
Air Force  requirema&s far aati8.fawtoz-y hmdJJng qualities. The pi lot ,  
however, did not  object t o  the low “3a.g cham,uteriatics of this air- 
plsne for small-amplitude os&llaticms. Themy predloted the period af 
the shorwer iod  lmitudlnal oscil lation fair* well; however, the 
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The %k airplane 

ISACA RM A5OD27 

N a v y  - W A  resekch  airplane program t o  grovide  rese&ch informtion 
on the   s tab i l i ty  and control  characterist ics of a 'semitai l less  c o n f i e  
uratfon at hi-@ subsonic Mach numbere. 

The airplane is currently undergoing demonstration f l i g h t  t e s t a  by the 
Northrop Aircraft  Corporation at Edwards A i r  Force Base, Muroc, California. 
During these tests 3W.X instrmnasnts have been installed  for  the masuremant 
of s t ab i l i t y  and control  characteristics. Previou~ resul te  on the X-4 
airplane are  presented in references 1 through 6 .  The present  report pre- 
sentfl sone results of the.aBeasurementa of the  longltudlnaL-etabillty 
characterist ics of the airplane, which w e r e  obtained in f l i gh t s  3.2, 13, 
and 15 of the  acceptance  teste of the second X-4 airplane  (USAF No. 4&677>. 

indicated  airspeed, miles per hour 

pressure alt i tude,  feet 

normal acceleration factor (the r a t i o  of the net mroQnamic 
force Etlong the  airplane Z a r i a  t o  the weight of the air- 
Plans ) 

lateral acceleration  factor 

longitudiaal  acceleration  factor 

Mach number 

dynamic pressure, pounds per square foot 

s t ick  force , pounds 
w i n g  area, aquare f e e t  

w i n g  man aerodpaxlc chord, feet 

Weight, P O M E  

elevon hinge mmnt, inch-pounds 

rudder hie moment, 1nch"poumis 
. .  
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pitching  velooitg, r a w  per eeccmd 

r o w g  velocity, radians per second 

period of langitudhal  oscilbtian, seconds 

tims to damp to One-half amplitude, seconds 

effective laterai control angle, degrees 

rudder angle, degrees 

sidesl ip angle, degrees 

norm1 force coefficient - ( Z )  
stick-force  factor, feet  squared 

Subscript's 

left  elevon 

right elevcm 

The Borthrop X& airplane is a semi-baillees research ahplane ha- 
a vertical tail but no horizcoltal-tail surfaces. It is powered by two 
Westinghouse J-3-7-9 engines and is  designed for flight reseazch i n  
the high subsonic aped  range. A thre-iew dram cf the &rpla.ne ie 
shown in figure 1 asd photographs of the airplane are peeentea as figure 2. 
The phpical characteristics of the  a i rp lane are l isted in  table I. 

Standard MCICA instruments  were used t o  record altitude;  airspeed; 
normal, longitudinal,  and  lateral  accelerations;  right and left elevon 
positions;  rudder  position;  sideslip angle; pitching and rolling 
angular velocities;  stick force; p e l  force; and elevon and rudder hinge 
moments. ~n addition, nornrrl acceleration,  altitude,  airspeed,  right 
and l e f t  elevon positions, and rudder positions were telemetered  to a ground 
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station. All the  internal  recorda were correlated by a cw.mmn timer. 
The hinge-moment data are  included in this repor t  t o  show only  quali- 
ta t ive changes since there is. ~ o m e  uncertainty  regarding  the  validity 
of the  absolute magnitudes of the measured hinge moments. 

The airspeed and altitude  recorder is connected t o  the airspeed 
head on the  ver t ical   f in .  Thie instal la t ion has not  as  yet been 
calibrated. 

TESTS, RESULTS, AND DISCUSSIOm 

LongitudinalStabiUty  Characteristics i n  
Straight  Flight 

The s ta t ic   longi tudfnal   s tabi l i ty  of the X-4 airplane v8s measured 
i n   s t r a igh t   f l i gh t  by t r i m m i n g  the airplane a t  approximately 325 miles 
per hour and then making steady runs a t  2O-mile;per-ho~ increments over 
a  speed  range from about 220 t o  400 mile8 per hour. Tests were conducted 
a t  10,000. and 15,000 feet  pressure  altitude. The resul ts  of these meas- 
urements are  shown in figure 3 where the elevon control posltion and elevon 
stick  force  are  plotted as functions of indicated  airspeed, and where the 
elevon-control  position and stick-force  factor F/q are plotted as functions 
of normal force  coefficient. The data show that the airplane l e  s ta t ica l ly  
stable  stick  fixed and s t ick   f ree  a s  s h a m  by the  increasing up-elevon 
control required as the epeed was reduced, and by the pull forceB required 
below t r i m  speed  and push forces  required above t r i m  speed. The positive 
s t ab i l i t y  is also indicated bg the  stable slopes of the  varlation of 6, 
and F/q w i t h  m. 

Longitudinal-SMbility  Characteristics i n  
Accelerated  FUght 

The longitudinal-atability  characteristics of the X-4 airplane i n  
accelerated flight were measured in steady tms and gradual pull-upe. 
Measurements were made at steady incremnts of acceleration from trimmed 
conditions a t  a Mach  number  of 0.44 a t  10,OOO feet and a t  several Mach 
numbers from 0.5 t o  0.79 a t  20,000 feet .  For the most part, data presented 
for values of' narmal-acceleration  factor less than 2 were obtained in 
steady turns w h i l e  t h e  data for ~alUe8 of n o m 1  acceleration  factor above 
2 were obtained i n  gradual pull-ups. 

Figure 4 gfves several representative time histories of Mach nuniber, 
elevon stick force, elevon position, normal acceleration  factor, an& 
nomnaldorce  coefficient  during  typical  accelerated s t a b i l i t y  mane. 
These data in  time-history farm show an  interesting  item in connection 
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with  the  booster  control  system.  There are appreciable  friction (k5 lb) 
and inertia  forces  inherent in the  hydraulic  control system, with the 
result  that  the  elevon  position  does  not  necessarfly follow the  applied 
control  forces.  This  characteristic of the  control  system  can  be  easily 
seen in this  figure  where  the  elevon  continues to.move in the upward 
direction  although  the  applied  control  force is being  decreased.  This 
characteristic of the  control  system  makes  the  airplane  very  difficult 
to  trim  for  given  flight  conditions a d  has been a source of annoyance 
to the  pilot.  The  data fn figure 4 show,  however,  that  the  airplane, 
aerodynamically speaking, has normal control  characteristics. 

At  normal-force  coefficients  higher  than  those  obtained in the runs 
given in figure 4 for a Mach  number of 0.79 a longitudinal  instability 
was encountered. A time  history of this  phenomenon  is  given i n  figure 5. 
In figure 5(a), xhich  gives  the  quantfties  pertaining  to  the  longitudinal 
characteristics,  it  can  be  seen  that,  although  the elevowcmtrol motion 
uas  stopped  at 0.4 second  when 5 & wa8 reached,  the  airplane  continued 
to  pitch upward. At 0.8 second,  when 5.3 & m a  reached,  the  pilot  abruptly 
deflected  the  elevons  downward but the  airplane  did  not  respond until a 
value’of 6.2 Az was reached  at 1.3 seconds.  The  pilot  reported no warning 
such  as  buffeting  before  the  airplane  began  to  pitch u-, but  dld  report 
that  the  right Xing tended to drop as the  pitching  became  evident. The 
accelerometer  records  taken during this run showed  that a s l i g h t  buffeting 
began  at  about 0.5 second  prior  to  the  longitudinal  instability and core 
tinued  well into the  recovery.  The wing heaviness reported by the  pilot, 
however,  is  evident in figure 5(b) which  gives  the  lateral  and  directional 
characteristics  measured.  The  recovery  from  this  unstable  condition was 
marked by an oscillation  about  all  three  exes of the afrplane, xhich  the 
pilot  probably  reinforced  by  abrupt  control  motians.  The  objectionable 
large-mplitude  longitudinal  oscillations which were  sustaineii  during  the 
latter  part of the  recovery  apparently  resulted frm the  poor  damping-” 
pitch  characteristics of the  airplane. This point will be  discussed  more 
fully in a subsequent  section. It should  be  noted  that,  as in figure 4, 
the  elevon-control  motion  does  not follow exactly  the  control  force.  The 
maximum value of normal-celeration  factor  reached (6.2) was in aces6 
of that  required  for  demonstration  of  the  airplane (5.2) 

Ram the  data  given in figures 4 asd 5 -&d similar data  not  presented, 
figure 6 was  prepared,  which  gives  the  variation of elevon-control  angle 
with  normal-force  coefficient and the  variation of elevon  stick  force  with 
normal acceleration.for  the M a c h  numbers  tested.  These  data  show  that  for 
the  Mach  number  range  covered  and  for  values of normal force  up  to  about 
0.45, the airpime is lungituafnally  stable  stick fixed and  stick  free. 
At a Mach  nunber of 0.79, the  airplane is sham to  be  unstable  above a 
normal-force  coefficient of 0.45. The data  illustrating  this  longitudin81 
instability  were  taken from the run presented  in  figure 5 prior  to  the 
abrupt  control  motions,  but  because of the sbruptness of the  pitching 
motion do not  necessarily show the  exact  elevon angles required  for  balance. 
Data from earlier  flights  (reported in reference 6) show that  at lower 
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Mach numbers (M = 0.28) the airplane does not  exkibit a langitudi~d. 
inetabi l i ty  even a t  values of n d 4 o r c e  coefficient approaching those 
f cw staU (+ = 0 .e). Wind--tunnel test8 of' X-& model a t  Lar Mach 
nunibere (reference 7) indicated that chordwiBe fences would be required 
to   e l imhate   langi tudinal   instabi l i ty  a t  the stall. It is possible that 
the femes are effective in  delaying the Icmgitudhal instabi l i ty  a t  low 
Mach numbers, but that increasing t he  flight Mach  number decreases s t h e  
effectiveness of the fenoes. 

C-ison of Experimental etnd Estimted Data 

A cmparisan of the experimental elevan angles required for b W e  
at several values d 0, and the elevon-le gradients with values 
estimated from the Wind"tunne1 bta i n  rderence 8 is presented in f-e & 
The e1evan-EmgI.e data are compmed in figure 8(a), while the c a w i s a n  
of the control+.ngle gradients is &awn fn figure 8(b). The experimental 
elevon-asgle data were derived as a cross plot  of the data in  figure 6 
and from other data not presented (from reference 6 )  . 

The agreement s h m  between the estbmted and the experimental 
elevon  angles and elevon-angle  gradients i e  conaidered fairlg good in  
view of the fact that the wlnd-tunnel data, obtained xith a center of' 
gravity at  21.5 percent of the M.A.C.,  were corrected  to an average f l i g h t  
value of 18.5 percent of the M.A.C. Unfortunately, no #ind-tu.mel data 
were available in the Cm range above 0.4 without a doubtful extrap* 
la t ion of the data, so no reliable  cangarison could be made a t  the values 
of CH and M where the lungitudiml  instabil i ty was encountered i n  
f l i g h t  . 

" - - V" 
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Dynamic Langitudinsl-Stability Charmteristics 
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The pilot ,  hawever, did not  obJect t o  lar damping characterist ics aP t h i s  
airplane for smdl-ermplitude o e c i U t i a n e  . 
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National Advisoqy CoEoittee for Aeronautics, 
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(b) Three.-quarter front view. 

Figure 2 .- me x 4  mo . 2 airplane. 
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